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(54) Positive electrode for non-aqueous electrolyte cell and manufacturing method of the same 



(57) A positive electrode for a non-aqueous electro- 
lyte cell containing spinel-type lithium manganese oxide 
as a main active material, wherein the positive electrode 
is comprised of a mixture of spinel-type lithium manga- 
nese oxide represented by a formula Li 1+ xMn 2 . 
y0 4 (provided that the atomic ratio of lithium 
and manganese is determined to be 0.56 ^ Li/Mn 
[=(1 + X)/(2 — Y)] ^ 0.62 , X is determined to be — 
0.2 * X ^ 0.2, and Y is determined to be Y ^ 1 .0) and at 
least either one of lithium cobalt oxide represented by a 
formula Li 1+z Co0 2 (provided that Z is determined to be 

— 0.5 ^ Z ^ 0.5) or lithium nickel oxide represented by 
a formula U 1+z Ni0 2 (provided that Z is determined to be 

— 0.5 ^ Z ^ 0.5), and wherein in the case that the 
weight of spinel-type manganese oxide is defined as A 
and that the weight of the lithium cobalt oxide or lithium 
nickel oxide is defined as B, the amount of lithium cobalt 
oxide or lithium nickel oxide is determined to be 
0.05* B/(A+B) < 0.2. 
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Desciipti n 

[0001] The present invention relates to a positiv electrode for a non-aqueous lectrolyte cell containing spinel-type 
lithium manganese oxide as a primary active material and a manufacturing method of the same. The present invention 
5 is also concerned with a non-aqueous electrolyt c II including a negative electrod comprised of a negative activ 
material capable of intercalating and deintercalating g lithium ion, a positive electrode containing spinel-type lithium 
manganese oxide and a non-aqueous electrolytic material and a manufacturing method of the non-aqueous electrolyte 
cell. 

[0002] In recent years, a non-aqueous electrolyte cell such as a lithium-ion eel) has been commercially used as a 
w rechargeable cell of small size, light weight higher capacity for portable electronic devices and communication equip- 
ments such as a small size video camera, a portable telephone, a note-type personal computer, etc. The non-aqueous 
el ctrolyte cell includes a negative electrode active material in the form of an alloy or a carbon material capable of inter- 
calating and deintercalating lithium-ion and a positive electrode material in the form of transition metal oxide containing 
lithium such as lithium cobalt oxide (LiCoO^, lithium nickel oxide (LiNiO^, lithium manganese oxide or the like. 
15 [0003] In the transition metal oxide containing lithium as a material of a positive electrode for the non-aqueous elec- 
trolyte cell, lithium nickel oxide (LiNiO^ is useful to provide a higher capacity in the cell but inferior in stability and func- 
tion than lithium cobalt oxide (IJC0O2)- Lithium manganese oxide (LiMn 2 04) is rich in resources and obtainable at a low 
cost but inferior than lithium cobalt oxide (LJC0O2) since it is lower in energy density and the manganese itself is dis- 
solved at a high temperature. For these reasons, lithium cobalt oxide is mainly used as the transition metal oxide con- 
20 taining lithium. 

[0004] However, in the case that the non-aqueous electrolyte cell of this kind is used not only in the small size port- 
able electronic devices and communication equipments but also in large size equipments such as hybrid automotive 
vehicles, it becomes noticeable to use lithium manganese oxide (LiMr^CU) rich in resources and lower in price in stead 
of lithium cobalt oxide (IJC0O2). Under such technical background, as in Japanese Patent Laid-open Publication No. 9- 
25 293538, there has been proposed a method for enhancing the energy density of lithium manganese oxide by addition 
of lithium cobalt oxide (UC0O2) or lithium nickel oxide (UNiCy. 

[0005] The method disclosed in Japanese Patent Laid-open Publication No. 9-293538 is, however, insufficient for 
enhancement of the energy density of lithium manganese oxide. To enhance the property of lithium manganese oxide 
used as an active material for a positive electrode, it is very important to enhance a high temperature cycle performance 

30 and storage characteristics of it As to the high temperature performance, there have been proposed various methods 
for stabilizing the crystal structure of the active material by addition of different kinds of elements. However, an effective 
substitution element such as chromium is injurious to human being, and the energy density of the active material is 
decreased if the amount of additive elements is excessive For these reasons, there has not yet been proposed any 
practical method for improvement of the high temperature cycle performance. 

35 [0006] As to the storage characteristics of the active material, serf-discharge of the lithium manganese oxide 
(LiMr^Oii) caused by reaction with electrolyte results in generation of gaseous products.. This deteriorates the charac- 
teristics of the cell. Such a phenomena will noticeably occur if the lithium manganese oxide is stored in a discharging 
condition. Additionally, when the lithium manganese oxide is preserved at a high temperature, a large amount of gase- 
ous products will generate due to dissolution of manganese itself. 

40 [0007] A primary object of the present invention is to provide a positive electrode of higher energy density for a non- 
aqueous electrolyte cell in which self-discharge of lithium manganese oxide used as a main active material is restrained 
t enhance storage characteristics of the cell at higher temperature and to provide a non-aqueous electrolyte cell supe- 
rior in the characteristics described above. 

[0008] According to the present invention, the object is accomplished by providing a positive electrode for a non- 
45 aqueous electrolyte cell comprised of a mixture of spinel-type lithium manganese oxide represented by a general for- 
mula Li 1+x Mn 2 . > 04 (provided that an atomic ratio of lithium and manganese is defined to be 
0.56 * Li/Mn [= (1 + X) / (2 — Y)] ^ 0.62 where X and Y are defined to be -0.2 ^ X ^ 0.2 and Y ^ 1 .0, respectively) 
and either one of lithium cobalt oxide represented by a general formula Li 1 +z Co0 2 (-0.5 ^ Z ^ 0.5) or lithium nickel oxide 
represented by a general formula Li 1+z Ni0 2 (-0.5 ^ Z ^ 0.5). 
so [0009] Lithium manganese oxide represented by the formula acts as a strong oxidization agent and generates a 
large amount of gaseous products due to reaction with electrolytes and electrolyte salts. This deteriorates the perform- 
ance of the cell and deforms the cell due to abnormality in internal pressure, resulting in leakage of the electrolyte. How- 
ever, in the case that the positive electrode is comprised of the mixture of lithium manganese oxide and at least either 
one of lithium cobalt oxide or lithium nickel oxide, it has been found that that the generation amount of gaseous products 
55 is noticeably decreased since lithium cobalt oxide or lithium nickel oxide acts as a buffer agent to restrain oxidation of 
the electrolyte caused by lithium manganese oxide. 

[0010] When a posrtiv lectrode of lithium manganese oxide is stored in a discharging conditi n,th lectrolyt is 
decomposed by self-discharge of th lectrod and gen rates a large amount of gaseous products. In such an 
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instance, reaction of the discharged lithium manganese oxide with the electrolyte decreases the cell voltage and 
increases the negative electrode voltage. This causes the generation of a larg amount of decomposed gaseous prod- 
ucts of the electrolyte. However, in the case that at least either one of lithium cobalt oxide or lithium nickel oxide is mixed 
with lithium manganese oxide to provide the positive electrode, it has been found that the generati n of decomposed 

5 gaseous products is restrained even when the positive electrode is stored in a discharging condition. 

[0011] In this cas , rt is assumed that when lithium manganese oxid becomes unstable at a final stage of dis- 
charge, lithium cobalt oxide or lithium nickel oxide becomes effective to prevent deterioration of lithium manganese 
oxide for enhancing the storage characteristics of the cell, ft is also assumed that lithium cobalt oxide or lithium nickel 
oxide ads as a buffer agent to restrain dissolution of manganese for restraining the generation of gaseous products. 

io [001 2] On the other hand, a retention rate of discharge capacity at the high temperature discharge cycle was meas- 
ured by an experiment in relation to the atomic ratio of lithium and manganese in the spinal-type lithium manganese 
oxide. As a result it has been found that the retention rate of discharge capacity is optimized when the atomic ratio of 
lithium and manganese is determined equal to or more than 0.56. In addition, the capacity per a unit active material 
(specific capacity) was measured by experiments in relation to the atomic ratio of lithium and manganese. As a result it 

is has been found that the specific capacity is maximized when the atomic ratio of lithium and manganese is defined to be 
equal to or less than 0.62. From these facts, it is desirable that the atomic ratio Li/Mn of lithium and manganese in spi- 
nel-type lithium manganese oxide is defined to be 0.56 ^ Li/Mn ^ 0.62. 

[001 3] The effect of lithium cobalt oxide or lithium nickel oxide as the buffer agent increases in accordance with an 
increase of the mixed amount thereof, ft is, therefore, desirable that the addition amount of lithium cobalt oxide and/or 

20 lithium nickel oxide is determined to be equal to or more than 5 % by weight. In general, the discharge voltage of lithium 
cobalt oxide or lithium nickel oxide is low. It is, therefore, assumed that the addition of lithium cobalt oxide or lithium 
nickel oxide is effective to decrease the discharge voltage of the cell lower than that of lithium manganese oxide. How- 
ever, as lithium cobalt oxide or lithium nickel oxide is superior in electronic conductivity, the discharge voltage of the cell 
was increased by addition of lithium cobalt oxide or lithium nickel oxide. 

25 [001 4] In the experiments, it has been found that if the addition amount of lithium cobalt oxide or lithium nickel oxide 
is more than 20 % by weight, the discharge voltage of the cell is greatly influenced by lithium cobalt oxide or lithium 
nickel oxide. It is, therefore, desirable that the addition amount of lithium cobalt oxide or lithium nickel oxide is less than 
20 % by weight In the case that the weight of spinel-type lithium manganese oxide is defined as A and that the weight 
of lithium cobalt oxide or lithium nickel oxide is defined as B, it is desirable that the amount of lithium cobalt oxide or 

30 lithium nickel oxide mixed with lithium manganese oxide is determined to be 0.05 ^ B / (A + B) < 0.2 . 

[0015] To improve the charge-discharge cycle performance of lithium manganese oxide, lithium cobalt oxide and 
lithium nickel oxide at a high temperature, various researches have been carried out to stabilize a crystal structure of 
the elements by addition of different kinds of metals. However, any practical different kind of metal has not yet been 
found. As a result of investigation of different kinds of metals to be added to a positive electrode containing a mixture of 

35 lithium manganese oxide with lithium cobalt oxide or lithium nickel oxide, it is has been found that a practical metal can 
be selected from the group consisting of magnesium, aluminum, calcium, vanadium, titanium, chromium, manganese, 
iron, cobalt nickel, copper, zinc, strontium, zirconium, niobium, molybdenum and tin. 

[0016] In the case that the different kind of metal is added to spinel-type lithium manganese oxide, it is desirable 
that the atomic ratio of lithium relative to a sum of manganese and the different metal is determined to be 
40 0.56 ^ Li < (Mn + Different metal) = 0.62 to increase the retention rate of discharge capacity at the charge-discharge 
cycle at a high temperature and to increase the specific capacity per unit active material. 

[001 7] In the case that lithium cobalt oxide and/or lithium nickel oxide is added to and mixed with lithium manganese 
oxide to produce the positive electrode, a degree of cfirect contact of particles is decreased if the lithium materials are 
simply mixed. In such an instance, the additive effect of the lithium cobalt oxide or lithium nickel oxide becomes insuffi- 

45 cient To increase the degree of direct contact of particles, it is desirable that the lithium materials are mixed under com- 
pression and crushing action or under compression, impact and shearing actions. In the case that the lithium materials 
are mixed under compression and crushing action, secondary particles of the materials are damaged, resulting in dete- 
rioration of the performance of the positive electrode. In contrast with the above case, in the case that the lithium mate- 
rials are mixed under compression, impact and shearing actions, secondary particles of the materials are maintained 

so without any damage to enhance the additive effect of lithium cobalt oxide or lithium nickel oxide. 

[001 8] The positive electrode manufactured by addition of lithium cobalt oxide or lithium nickel oxide to lithium man- 
ganese oxide can be adapted not only to a non-aqueous electrolyte cell using organic electrolyte but also to a non- 
aqueous electrolyte cell using solid polymer electrolyte. As the solid polymer electrolyte is relatively higher in viscosity, 
a problem in impregnation of the electrolyte will occur in use of only lithium manganese oxide. In this respect the posi- 

55 tive electrode manufactured by addition of lithium cobalt oxide or lithium nickel oxide to lithium manganese oxide can 
be formed thinner to solv th probl m in impregnation of the electrolyte. In this cas , it is preferable that the solid pol- 
ymer electrolyt is used in the form of mixed gel of lithium salt, electrolyte, and polymer selected from th group con- 
sisting of solid polymer of polycarbonate, solid polymer of polyacryionitril , copolym r or bridged polymer comprised of 
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Fig. 6 
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more than two kinds of the solid polymers and f louride solid polymer such as polyvinyfiden drf fuoride (PVDF). 
[0019] For a better understanding of the present invention, and to show how the same may be earned into effect, 
reference will now be made, by way of example, to the accompany drawings, in which: 

5 Fig. 1 is a graph showing a generation amount of gaseous products in relation to an addition amount of lithium 
cobalt oxide at 60 °C; 

Fig. 2 is a graph showing a cycle performance at 60 °C; 
Fig. 3 is a graph showing discharge curves at 500 mA (1 C); 

Fig. 4 is a graph showing a cell voltage, an overcharge current and a surface temperature of an experimental cell 
w having a positive electrode added with 15 wt % lithium cobalt oxide measured during overcharge at 3C; 

Fig. 5 is a graph showing a cell voltage, an overcharge current and a surface temperature of an experimental cell 

having a positive electrode added with 20 wt % lithium cobalt oxide measured during overcharge at 3C; 

Fig. 6(a) is a graph showing distribution of particles subjected to a high speed stirring process; 

Fig. 6(b) is a graph showing distribution of particles subjected to a simple mixing process; 
is Fig. 6 (c ) is a graph showing cfistribution of particles subjected to a crush-mixing process; 

Fig. 7 is a graph showing discharge curves of experimental cells at 500 mA (1C); 

Fig. 8 is a graph showing cycle performance curves of experimental cells at 60 °C; 

Fig. 9 is a graph showing charge-discharge curves of experimental cells at 500 mA (1C); 

Fig. 10 is a graph showing a retention rate of capacity of lithium manganese oxide in relation to an atomic ratio of 
20 lithium and manganese (Li/Mn); and 

Fig. 1 1 is a graph showing each specific capacity of active materials for positive electrodes in relation to an atomic 

ratio of lithium and manganese (Li/Mn). 

[0020] Hereinafter, a preferred embodiment of the present invention will be described in detail. 

25 

1. Production of positive electrodes: 
[Example 1] 

30 [0021 ] Composite powder of 200g comprised of 95 wt % spinel-type lithium manganese oxide represented by a 
general formula Li 1+x Mn2->04 (-0.2 ^ X ^ 0.2); Y ^ 1.0) and 5 wt % lithium cobalt oxide represented by a general for- 
mula Li 1+ ZCo0 2 (—0.5 ^ 2 ^ 0.5) was prepared, and an appropriate amount of carbon conductive agent and graphite 
was added to and mixed with the composite powder. The mixed powder was introduced into a mixing device (For exam- 
pi , a mechano-fusion device (AM — 15F) made by Hosokawa Micron Co. Ltd.). 

35 [0022] The mixing device was operated at a rotation speed of 1500 rpm for ten minutes to mix the composite pow- 
der under compression, impact and shearing actions thereby to prepare a mixed active material for a positive electrode. 
In such an instance, lithium cobalt oxide was brought into electric contact with lithium manganese oxide. Subsequently, 
an amount of f luorocarbon resin binder was mixed with the mixed active material at a predetermined ratio to produce a 
mixed agent for the positive electrode. Thus, the mixed agent was coated on opposite surfaces of a positive electrode 

40 collector in the form of aluminum foil and rolled under pressure after dried to produce a positive electrode a) of prede- 
termined thickness as Example 1 . 

[Example 2] 

45 [0023] Composite powder of 200 g comprised of 90 wt % spinel-type lithium manganese oxide represented by a 
general formula Li 1+ xMn2-y0 4 (-0.2 ^ X < 0.2: Y ^ 1.0) and 10 wt% lithium cobalt oxide represented by a general for- 
mula Li 1+z Co02 (-0.5 ^ Z ^ 0.5) was prepared and introduced into the mixing device. The mixing device was operated 
at the rotation speed of 1 500 rpm for ten minutes to mix the composite powder under compression, impact and shearing 
actions to prepare a mixed active material for a positive electrode. In such an instance, lithium cobalt oxide was brought 

so into electric contact with lithium manganese oxide. Subsequently, an appropriate amount of carbon conductive agent 
and graphite was added to and mixed with the mixed active material. Thereafter, an amount of binder in the form of 
f luorocarbon resin was mixed at a predetermined ratio to prepare a mixed agent for the positive electrode. Thus, the 
mixed agent was coated on opposite surfaces of a positive electrode collector in the form of aluminum foil and rolled 
under pressure after dried to produce a positive electrode b) of predetermined thickness as Example 2. 

55 

[Example 3] 

[0024] Composite powder of 200 g comprised of 85 wt % spinel-type lithium manganese oxide represented by the 
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formula Li 1+x Mn2.v0 4 (-0.2 ^ X ^ 0.2: 1.0) and 15 wt% lithium cobalt oxide repres nted by the formula U 1+z CoC>2 
(-0.5 ^ Z ^ 0.5) was prepared and introduced into the mixing device. The mixing device was operated at the rotation 
speed of 1500 rpm for ten minutes to mix the composite powder under compression, impact and shearing actions to 
prepare a mixed active material for a positive electrod . In such an instance, lithium cobalt oxid was brought into lec- 
5 trie contact with lithium manganese oxide. Subsequently, an appropriate amount of carbon conductive agent and graph- 
ite was added to and mixed with the mixed activ material. Thereaft r, an amount of fluorocarbon resin binder was 
mixed at a predetermined ratio to prepare a mixed agent for the positive electrode. Thus, the mixed agent was coated 
on opposite surfaces of a positive electrode collector in the form of aluminum foil and rolled under pressure after dried 
to produce a positive electrode c) of predetermined thickness as Example 3. 

10 

[Example 4] 

[0025] Composite powder of 200 g comprised of 80.5 wt % spinel-type lithium manganese oxide represented by 
the formula Li 1+x Mn2_v0 4 (-0.2 ^ X ^ 0.2: Y ^ 1.0) and 19.5 wt % lithium cobalt oxide represented by the formula 

is Lj 1+z Co0 2 (-0.5 ^ Z ^ 0.5) was prepared and introduced into the mixing device. The mixing device was operated at the 
rotation speed of 1500 rpm for ten minutes to mix the composite powder under compression, impact and shearing 
actions to prepare a mixed active material for a positive electrode. In such an instance, lithium cobalt oxide was brought 
into electric contact with lithium manganese oxide. Subsequently, an appropriate amount of carbon conductive agent 
and graphite was added to and mixed with the mixed active material. Thereafter, an amount of fluorocarbon resin binder 

20 was mixed at a predetermined ratio to prepare a mixed agent for the positive electrode. Thus, the mixed agent was 
coated on opposite surfaces of a positive electrode collector in the form of aluminum foil and rolled under pressure after 
dried to produce a positive electrode d) of predetermined thickness as Example 4. 

[Comparative Example 1] 

25 

[0026] An appropriate amount of carbon conductive agent and graphite was added to and mixed with spinel-type 
lithium manganese oxide represented by the formula Lj 1+x Mn 2 _y04 (-0.2 ^ X £ 0.2: Y ^ 1.0) and also mixed with an 
amount of fluorocarbon resin binder at a predetermined ratio to prepare a mixed agent for a positive electrode. Thus, 
the mixed agent was coated on opposite surfaces of a positive electrode collector and rolled under pressure after dried 
30 to produce a positive electrode e) as Comparative example 1 . 

[Comparative Example 2] 

[0027] Composite powder of 200 g comprised of 70 wt % spinel-type lithium manganese oxide represented by the 
35 formula Li 1+ xMn2-Y0 4 (-0.2 ^ X ^ 0.2: Y ^ 1 .0) and 30 wt % lithium cobalt oxide represented by the formula Li 1+z Co02 
(-0.5 * Z ^ 0.5) was prepared and introduced into the mixing device. The mixing device was operated at the rotation 
speed of 1500 rpm for ten minutes to mix the composite powder under compression, impact and shearing actions to 
prepare a mixed active material for a positive electrode. In such an instance, lithium cobalt oxide was brought into elec- 
tric contact with lithium manganese oxide. Subsequently an appropriate amount of carbon conductive agent and graph- 
40 ite was added to and mixed with the mixed active material. Thereafter, an amount of fluorocarbon resin binder was 
mixed at a predetermined ratio to prepare a mixed agent for the positive electrode. Thus, the mixed agent was coated 
on opposite surfaces of a positive electrode collector in the form of aluminum foil and rolled under pressure after dried 
to produce a positive electrode f) of predetermined thickness as Comparative example 2. 

45 [Comparative Example 3] 

[0028] An appropriate amount of carbon conductive agent and graphite was added to and mixed with lithium cobalt 
oxide represented by a general formula Li 1+z Co02 (-0.5 ^ Z * 0.5) and further mixed with an amount of fluorocarbon 
resin binder at a predetermined ratio to prepare a mixed agent for a positive electrode. Thus, the mixed agent was 

so coated on opposite surface of a positive electrode collector in the form of aluminum foil and rolled under pressure after 
dried to produce a positive electrode g) of predetermined thickness as Comparative example 3. 
[0029] To measure each initial charge capacity of the positive electrodes a) to g), each thickness of the positive 
electrodes a), b), c), d) of Examples 1 to 4 and the positive electrodes e), f), g) of Comparative examples 1 to 3 was 
measured, and the positive electrodes were placed in a three-pole type glass cell and charged and discharged at 4.3 V 

55 to 3.1 V in a condition where counter and reference electrodes were Li foil. A result of the test is shown in the following 
table 1. 
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Table 1 





Posrtiv electrodes 


Thickness (pm) 


Initial charge capacity 


5 






(mAH/g) 




a 


180 


112.8 




b 


176 


115.5 




c 


172 


118.3 


70 










d 


169 


121.0 




e 


184 


110.0 




f 


163 


126.5 


75 


g 


130 


165.0 



[0030] As is understood from the table 1, the energy density of the respective positive electrodes a) to d) was 
increased by addition of lithium cobalt oxide to lithium manganese oxide, and the raw material cost of the positive elec- 
20 trodes was noticeably reduced. Since the thickness of the positive electrode is thinned, the load characteristic of the cell 
is enhanced. If the positive electrodes using only lithium manganese oxide was rolled under pressure as in the thick- 
ness of lithium cobalt oxide, the electrolyte would not be completely impregnated, and the strength of the positive elec- 
trode against bending would be decreased. Such problems can be solved. 

[0031] To provide a positive electrode with the same effect a portion of lithium manganese oxide or lithium cobalt 
25 oxide may be substituted for a different kind of metal selected from the group consisting of magnesium (Mg), aluminum 
(Al), calcium (Ca), vanadium (V), titanium (Ti), chromium (Cr), manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), cop- 
per (Cu), zinc (Zn), strontium (Sr), zirconium (Zr), niobium (Nb), molybdenum (Mo) and tin (Sn). 

2. Production of negative electrode: 

30 

[0032] A negative electrode active material capable of intercalating and deintercalating lithium-ion, fluorocarbon 
resin binder and water were mixed to prepare a mixed agent for a negative electrode, and a negative electrode collector 
in the form of a copper foil was coated with the mixed agent at its opposite surfaces to produce a negative electrode. In 
this instance, it is desirable that a carbon material capable of intercalating and deintercalating lithium-ion such as graph- 
35 it , carbon Wack, coke, glassy carbon, carbon fiber, or a sintered body of the materials is used as the active material of 
the negative electrode. In addition, an oxide capable of intercalating and deintercalating lithium-ion such as tin oxide, 
titanium oxide or the like may be used as the active material for the negative electrode. 

3. Production of Experimental Lithium-ion cell 

40 

[0033] The positive electrodes a), b), c), d) of Examples 1 to 4 and the positive electrodes e), f), g) of Comparative 
examples 1 to 3 each were connected to a lead wire, and the negative electrodes manufactured as described above 
each are connected to a lead wire. The positive and negative electrodes each were spirally wound with a separator of 
polypropylene disposed therebetween to provide a cylindrical generator element. The generator element was contained 

45 in a bottomed cell casing, and the lead wire was connected to a positive electrode terminal or a negative electrode ter- 
minal. The cell casing was filled with electrolyte comprised of mixed equivolume solvent of ethylene carbonate (EC) and 
diethyl carbonate (DEC) added with lithium hexaf luorophosphate (LiPF 6 ) of 1 mol per liter and closed at its opening end 
to provide experimental cells A — G of 500 mAH in nominal capacity The experimental ceils may be formed in a thin 
type, an angular type, a cylindrical type or other appropriate type. 

50 [0034] Hereinafter, the experimental cells provided with the positive electrodes a) to d) are referred to cells A to D, 
respectively, and the experimental cells provided with the positive electrodes e) to g) are referred to cells F to G, respec- 
tively In the experimental cells, the mixed solvent of ethylene carbonate (EC) and diethyl carbonate (DEC) may be sub- 
stituted for aprotic solvent in the form of a mixture of dimethyl carbonate (DMC) and ethyl-methyl carbonate (EMC). The 
mixing ratio of EC to DEC or DMC to EMC is determined in an extent of 5:95 — 60:40. Except for LiPF 6 , LiBF 4 , Lia0 4 , 

55 imidic salt such as UN (SOgOgF^ and the like may be used. 



6 



EP 1 022 792 A1 



4. Experiment 

(1) High temperature storage test 

s [0035] The experimental cells A to G each were charged by a charging current of 500 mA (1C) in an atmosphere 
of room temperature respectively until the voltage becomes 4.2 V Subsequently, th cells were further charged at the 
constant voltage of 4.2 V until the charging current becomes less than 25 mA. After rested for ten minutes, the cells 
were discharged at 500 mA (10) respectively until the voltage becomes 3.0 V. After charged and discharged as 
described above, the cells were charged by a charging current of 500 mA (1C) in an atmosphere of room temperature 

w until the voltage becomes 4.2 V Thereafter, the cells were charged at the constant voltage of 4.2 V until the charging 
current becomes less than 25 mA and stored in an atmosphere of 60 °C for twenty days. 

[0036] After measured the voltage of each of the stored cells A — G and a generation amount of gaseous products, 
the discharge capacity of each of the stored cells was measured on a basis of a discharging time during which the volt- 
age at 500 mA (1 C) becomes 3.0 V, and a ratio of the discharge capacity to the initial capacity was measured to calcu- 
15 late each retention rate of capacity of the cells. In addition, the cells were charged and discharged to measure each 
recovery rate of capacity thereof based on the discharging time, and a ratio of the recovery capacity to the initial capac- 
ity was measured to calculate each recovery ratio of the cells. The results are shown in the following table 2, and the 
generation amount of gaseous products in relation to the addition amount of lithium cobalt oxide is shown in Fig. 1 . 

20 

Table 2 



25 



Cell 


Voltage drop 


Generation amount of 
gaseous products 


Retention rate of 
capacity 


Recovery rate of 
capacity 


A 


0.16 


4.6 


57 


73 


B 


0.15 


3.7 


59 


76 


C 


0.15 


2.7 


61 


78 


D 


0.13 


2.3 


63 


79 


E 


0.17 


6.2 


56 


72 


F 


0.13 


2.1 


64 


80 


G 


0.11 


1.0 


67 


84 



35 

[0037] As is understood from the table 2. the generation amount of gaseous products in the cell E of Comparative 
example 1 was increased more than that in the other cells for the following reason. Lithium manganese oxide acts as a 
strong oxidation agent and causes the generation of a large amount of gaseous products by reaction with the electrolyte 
and electrolyte salt. This results in deformation of the cell casing and leakage of the electrolyte from the cell casing and 

40 deteriorates the safety of the cell. 

[0038] As is understood from the graph of Rg. 1 and the table 2, the generation amount of gaseous products and 
voftage drop (self discharge) decreased in accordance with an increase of the addition amount of lithium cobalt oxide 
as in the order of cells A->B-»C-»D-)E-»F^G listed in the table 2. This results in an increase of the retention rate of 
capacity and the recovery rate of capacity Such a useful result is effected since lithium cobalt oxide is effective to 

45 restrain reaction of lithium manganese oxide with electrolyte and acts as a buffer agent to decrease the generation 
amount of gaseous products. 

(2) Preservation test after discharge 

so [0039] The experimental cells A to G each were charged by a charging current of 500 mA (1C) in an atmosphere 
of room temperature until the voltage becomes 4.2 V. Subsequently, the cells were further charged at the constant voft- 
age of 4.2 V until the charging current becomes less than 25 mA. After rested for ten minutes, the cells were discharged 
at 500 mA (1 C) until the discharge voltage becomes 3.0 V After charged and discharged as described above, the cells 
were stored in an atmosphere of 60 ?C for twenty days. After such storage, the voltage of the respective cells A to G 

55 and a generation amount of gaseous products were measured. The results are shown in the following table 3, and the 
generation amount of gaseous products in relati n to th addition amount of lithium cobalt oxkJ is shown in Rg. 1 . 
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Table 3 



Cell 


Voltage drop (V) 


Generati n amount of 
gas (ml) 


A 


1.62 


6.3 


B 


0.98 


3.8 


C 


0.63 


2.4 


D 


0.43 


2.1 


E 


3.44 


8.9 


F 


0.37 


1.8 


G 


0.17 


0.8 



[0040] As is understood from the table 3, the cell E of Comparative example 1 noticeably discharged itself after the 
discharged storage until the cell voltage becomes 0 V and generated a large amount of gaseous products with decom- 
20 position of the electrolyte for the following reason. Lithium manganese oxide in a discharged condition lowers the poten- 
tial of the positive electrode by reaction with the electrolyte and raises the potential of the negative electrode. This 
results in an increase of the generation amount of gaseous products. 

[0041 ] As is understood from the table 3 and Fig. 1 , the generation amount of gaseous products and voltage drop 
were decreased in accordance with an increase of the addition amount of lithium cobalt oxide as in the order of cells 
25 A-^B-»C->D-»E-»F^G listed in the table 3. In this case, it is assumed that such a useful result is effected by the facts 
that lithium cobalt oxide becomes effective to prevent deterioration of Hhium manganese oxide at the final stage of dis- 
charge and that lithium cobalt oxide acts as a buffer agent to decrease the generation amount of gaseous products. 

(3) High temperature cycle test 

30 

[0042] The experimental cells A — G each were charged by a charging current of 500 mA (IC) in an atmosphere of 
60 °C until the cell voltage becomes 4.2 V. Subsequently, the cells were further changed at the constant voltage of 4.2 
V under the charging current becomes less than 25 mA. After rested for ten minutes, the cells were discharged at 500 
mA (1 C) until the final voltage becomes 3.0 V. The result of the chanrge-discharge cycle test is shown in Fig. 2. 
35 [0043] In a graph shown in Fig. 2, the cell A of Example 1 is marked with the cell B of Example 2 is marked with 
0, the cell C of Example 3 is marked with ♦ . the cell D of Example 4 is marked with □, the cell E of Comparative example 
1 is marked with 0> ^ e ce(l F of Comparative example 2 is marked with ■. and the cell G of Comparative example 3 
is marked with a. 

[0044] As is understood from the graph of Fig. 2, deterioration of the cycle performance was reduced in accordance 
40 with an increase of the addition amount of lithium cobalt oxide, ft is assumed that such a useful result is effected since 
lithium cobalt oxide acts as a buffer agent to restrain reaction of lithium manganese oxide with the electrolyte and elec- 
trolyte salt As the restraint effect is increased in accordance with an increase of the addition amount of lithium cobalt 
oxide, it is needed that the amount of lithium cobalt oxide is determined to be at least more than 5 % by weight 

45 (4) Charge-discharge test 

[0045] The experimental cells A — G each were charged by a charging current of 500 mA (1 C) in an atmosphere 
of room temperature under the cell voltage become 4.2 V Subsequently, the cells were further charged at the constant 
voltage of 4.2 V until the charging current becomes less than 25 mA. After rested for ten minutes, the cells were dis- 
so charged by a discharging current of 500 mA (1 C) until the voltage becomes 3.0 V. A result of the charge-discharge test 
is shown by a discharge curve in Fig 3. 

[0046] In the graph of Fig. 3, the cell A of Example 1 is marked with •, the cell B of Example 2 is marked with 0, the 
cell C of Example 3 is marked with ♦ , the cell D of Example 4 is marked with □, the cell E of Comparative example 1 is 
marked with O, the cell F of Comparative example 2 is marked with ■, and the cell G of Comparative example 3 is 
55 marked with a. 

[0047] In general, the operative voltag ofth positive electrode comprised of lithium cobalt oxide is low r than that 
of the positive lectrode comprised of lithium manganese oxide. Th refore, it has been assumed that th operation volt- 
age is lowered by addition of lithium cobalt oxide to lithium manganes oxid . However, as shown in Fig. 3, the opera- 
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tion voltage of the positive electrod added with lithium cobalt oxide of 20 % by w ight became higher as in the positive 
lectrodes a), b), c), d) of the cells A, B, C, D respectively marked wrth the signs , 0, a. 

[0048] In this case, it is assumed that the result is obtained since the electronic conductivity of lithium cobalt oxide 
is superior than that of lithium manganese oxide. In the case that lithium cobalt oxide of 20 % by weight is added to lith- 

5 ium manganese oxide, th conductivity of lithium cobalt oxide is maintained in a condition where the operation voltage 
of lithium manganese oxid is being maintained, ft is, therefor , assumed that the addition of lithium cobalt oxide to lith- 
ium manganese oxide is effective to raise the operation voltage of the respective positive electrodes described above, 
ff the addition amount of lithium cobalt oxide was more that 30 % by weight, each operation voftage of the positive elec- 
trodes would be influenced by the own property of lithium cobalt oxide and become substantially the same as that of 

w lithium manganese oxide. For this reason, it is desirable that the addition amount of lithium cobalt oxide is determined 
to be about 20 % by weight. In addition, similar results were obtained in a charge-discharge test carried out in a voltage 
region of 4.3 V to 3. 1 V in a three-pole type glass cell. 

(5) Overcharge test 

15 

[0049] It is assumed that an anti-overcharge characteristic is deteriorated by addition of lithium cobalt oxide to lith- 
ium manganese oxide. For this reason, an overcharge test was carried out as described hereinafter. Every three pieces 
of the experimental cells A — G were overcharged by charging currents of 500 mA (1C) and 1500 mA (3C) to detect 
abnormality such as operation of a safety valve, leakage of electrolyte, etc. in the cells. The result is shown in the fol- 
20 lowing table 4 in which normality of all the three pieces is marked with O- abnormality of either one of the three pieces 
is marked with a, and abnormality of all the three pieces is marked with X. 



Table 4 



Cells 


A 


B 


c 


D 


E 


F 


G 


Overcharge at 1C 


O 


O 


o 


O 


o 


o 


o 


Overcharge at 3C 


O 


o 


O 


A 


o 


X 


X 



30 

[0050] As is understood from the table 4, any abnormality was not found in the overcharge at 1 C. In the overcharge 
at 3C, however, the addition of lithium cobalt oxide more than 30 wt % caused abnormality in the cells whereas any 
abnormality was not found in the cells added with lithium cobaft oxide of less than 15 wt %. In the case that the addition 
amount of lithium cobalt was 19.5 wt %, an occurrence of abnormality was found in some of the experimental cells. It 

35 is, therefore, desirable that the addition amount of lithium cobalt oxide is determined less than 20 wt %. 

[0051 ] As to the experimental cell C provided with the positive electrode added with lithium cobalt oxide of 15 wt %, 
the characteristics (the cell voltage, , overcharge current and surface temperature) of the cell was measured during 
overcharge at 3C. The result is shown in Fig. 4. Similarly, as to the experimental cell D provided with the positive elec- 
trode c) added with lithium cobalt oxide of 19.5 wt %, the characteristics of the cell were measured during overcharge 

40 at 3C. The resuft is shown in Fig. 5. The overcharge test at 3C was carried out by using a circuit wherein a charging 
current is cut off when the cell voltage becomes 12 V 

[0052] As shown in Fig. 4, the surface temperature of the cell C was maintained at about 80 °C when the cell voft- 
age increased up to 12 V When the charging current was cut off, the surface temperature of the cell was gradually 
cooled after raised by remaining heat. As shown in Fig. 5, the surface temperature of the cell D was more than 200 °C 
45 when the cell voftage increased up to 12 V. In this instance, a safety valve of the cell was operated to radiate the heat 
from the cell so that the surface temperature of the cell is rapidly lowered. From the above face, it has been found that 
if the addition amount of lithium cobalt oxide was more than 20 wt %, the cell would overheat when it was overcharged. 
It is, therefore, desirable that the addition amount of lithium cobalt oxide is determined less than 20 wt %. 

so 5. Investigation of Mixing method: 

[0053] In a condition where the adcfition amount of lithium cobalt oxide was determined to be 15 wt %, an appropri- 
ate mixing method of lithium manganese oxide and lithium cobalt oxide was investigated to measure the performance 
of the experimental cells. In such a manner as described above, lithium cobalt oxide of 15 wt % was added to lithium 
55 manganese oxide and mixed with an appropriate amount of carbon conductive agent and graphite. The mixture was 
stirred at high speed und rcompressi n, impact and shearing actions to prepare a mixed active mat rial for the positiv 
electrode c). 

[0054] In addition, a mixture of lithium manganese oxid , lithium cobalt oxide of 15 wt %, and an appropriat 
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amount of carbon conductive agent and graphrt was dispersed in a slurry to prepare a mixed activ material for a pos- 
itive electrode h). Furthermor , a mixture of lithium manganate, lithium cobalt oxide of 15 wt % and an appropriate 
amount of carbon conductive agent and graphite was mixed under compression and crushing action to prepare a mixed 
active materia! for a positive lectrod i). 

5 [00551 Inobs rvation of the mixed activ materials for the positive electrodes by an electronic microscope, a large 
amount of particles mixed in contacting directly was found in the mixed active mat rial subjected to the high speed stir- 
ring process, while only a small amount of particles mixed in contacting directly was found in the mixed active material 
subjected to the simple mixing process. The distribution of particles in the mixed active materials for the positive elec- 
trodes is shown in Figs. 6(a). 6(b) and 6(c). The distribution of particles subjected to the high speed stirring process is 

io shown in Fig. 6 (a), the distribution of particles subjected to the simple mixing process is shown in Fig. 6(b), and the 
distrfoution of particles subjected to the crush-mixing process is shown in Fig. 6(c). 

[0056] As is understood from Figs. 6(a), 6(b) and 6(c), a large amount of particles smaller in diameter distributed in 
the mixed active materiai subjected to the crush-mixing process since secondary particles caused by sintering in the 
manufacturing process of lithium manganese oxide were mixed while they are being crushed. On the other hand, the 
is distrfoution of particles subjected to the high speed stirring process was similar to the distribution of particles subjected 
to the simple mixing process. This means that the particles subjected to the high speed stirring process are retained in 
the same shape as that of secondary particles. 

[0057] The positive electrodes c), h), i) each were used to manufacture an experimental cell of 500 mAH in nominal 
capacity. Hereinafter, the experimental cells provided with the positive electrodes c). h), t) are referred to cells C, H, I, 

20 respectively. In comparison with the experimental cell E with the positive electrode e) of Comparative example 1 , the 
experimental cells were charged and discharged in the same manner described above. As a result discharge curves 
(500 mA (1C)) were obtained as shown in Fig. 7. As is understood from Fig. 7, an additive effect of lithium cobalt oxide 
was found in all the experimental cells C. H, I. Provided that the experimental cells C and I respectively subjected to 
the high speed mixing process and the crush-mixing process were superior than the experimental cell H subjected to 

25 the simple mixing process. 

[0058] In addition, a high temperature (60 °C) charge-discharge cycle test was carried out for the experimental cells 
C, H, I, E in the same manner described above. As a result cycle characteristic curves were obtained as shown in Fig. 
8. As is understood from the characteristic curves in Fig. 8, the cell C was superior in Hs cycle performance than the 
cell I. In this respect it is assumed that the cycle performance was deteriorated due to crush of secondary particles in 

30 the positive electrode. From the foregoing facts, it is desirable that particles in the positive electrodes are maintained in 
an integrated condition at a large ratio to enhance the effect caused by addition of lithium cobalt oxide. 

6. Addition of lithium nickel oxide 

35 [0059] In the manufacturing process of the foregoing positive electrodes, lithium nickel oxide may be added to lith- 
ium manganese oxide instead of lithium cobalt oxide as descrbed hereinafter. 

[0060] Composite powder of 200g comprised of 85 wt % spinel-type lithium manganese oxide represented by a 
general formula Li 1+x Mn2.Y0 4 (provided that X is defined to —0.2 ^ X ^ 0.2 and that Y is defined to be Y ^ 1 .0) and 15 
wt % lithium nickel oxide represented by a general formula Li UZ NK) 2 (provided that Z is defined to be — 0.5 ^ Z ^ 0.5) 
40 was prepared, and an appropriate amount of carbon conductive agent and graphite was added to and mixed with the 
composite powder. The mixed powder was introduced into a mixing device (For example, a mechano-fusion device (AM 
— 15F) made by Hosokawa Micron Co., Ltd.) 

[0061] The mixing device was operated at a rotation speed of 1500 rpm for ten minutes to mix the composite pow- 
d r under compression, impact and shearing actions to prepare a mixed active material for a positive electrode. In such 
45 an instance, lithium nickel oxide was brought into electric contact with lithium manganese oxide. Subsequently, an 
amount of fluorocarbon resin binder was mixed with the mixed active material at a predetermined ratio to produce a 
mixed agent for the positive electrode. Thus, the mixed agent was coated on opposite surfaces of a positive electrode 
collector after dried to produce a positive electrode j) of predetermined thickness. 

[0062] The positive electrode j) was used to manufacture an experimental cell J of 500 mAH in nominal capacity in 
so the same manner described above. In comparison with the experimental cells C and E, the experimental cell J was 
charged and discharged at 500 mA (1C) in the same manner described above. As a result charge-discharge curves 
were obtained as shown in Fig. 9. As is understood from the charge-discharge curves in Fig. 9, the discharge perform- 
ance of the cell J was enhanced even if lithium nickel oxide is used instead of lithium cobalt in the manufacturing proc- 
ess of the positive electrode. 

55 [0063] In addition, the experimental cells J, E, C were charged in the same manner described above until the cell 
voltage becomes 4.2 V. After charged at the constant voltage of 4.2 V, th cells were stored at a high temperature (60 
°C) for twenty days. A result of the high temperatur storage test is shown in the following table 5. 
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Table 5 



Cell 


Voltage drop (V) 


Generation amount of 
gas (ml) 


Retention rat of 
capacity 


Recovery rate of 
capacity 


J 


0.16 


3.1 


59 


76 


E 


0.17 


6.2 


56 


72 


C 


0.15 


2.7 


61 


78 



[0064] The experimental cells J, E, C were discharged until the cell voltage becomes 3.0 V. Thereafter, the cells 
were stored at 60 °C for twenty days. A result of the high temperature storage test is shown in the following table 6. 

15 

Table 6 



Cell 


Voltage drop (V) 


Generation amount of 






gas (ml) 


J 


1.21 


3.1 


E 


3.44 


8.9 


C 


0.63 


2.4 



25 [0065] As is understood from the tables 5 and 6, it has been found that the discharge performance of the cells is 
enhanced even rf lithium nickel oxide is substituted for lithium cobalt oxide in the manufacturing process of the positive 
electrode for the experimental cell J. 

7. Investigation of Atomic ratio 

30 

[0066] Although in the foregoing experiments, the atomic ratio of lithium and manganese (Li / Mn) in the spinel-type 
lithium manganese oxide was defined to be 0.601 , the atomic ratio should be defined taking into account the energy 
density of lithium manganese oxide and the cycle performance at 60 °C. The retention rate of capacity of lithium man- 
ganese oxide in 300 cycle at 60 °C were measured in relation to the atomic ratio of lithium and manganese (U / Mn) as 
35 shown in Fig. 1 0, and a capacity of an active material for a positive electrode per unit active material (a specific capacity 
of an active material for a positive electrode) was measured in relation to the atomic ratio of lithium and manganese as 
shown in Fig. 1 1 . 

[0067] As is understood from Fig. 10, if the atomic ratio (Li / Mn) is more than 0.56, the retention rate of capacity in 
300 cycle at 60 °C is increased in accordance with an increase of the atomic ratio. However, even if the atomic ratio is 
40 increases more than 0.62, the retention rate of capacity does not increase. From Fig. 11, it has been found that the spe- 
cific capacity of the active material is decreased in accordance with an increase of the atomic ratio. It is, therefore, desir- 
able that for enhancement of the retention rate of capacity, the atomic ratio of lithium and manganese (Li / Mn) is defined 
to be 0.56 =i Li / Mn ^ 0.62. 

[0068] In the case that a portion of the spinel-type lithium manganese oxide is substituted for a different kind of 
45 metal (for example, Mg, Al, Ca, V, Tl, Cr, Fe, Co, Ni, Cu, Zn, Sr. Zr, Nb, Mo, Sn. etc), it is desirable that an atomic ratio 
of lithium to the sum of manganese and different metal (Metal) is defined to be 0.56 * Li/(Mn + Metal) ^ 0.62. 

8. Manufacture of Solid polymer electrolytic cell 

so [0069] Although in the foregoing experiments, the present invention was adapted to manufacture of lithium-ion 
cells, the present invention can be adapted to manufacture of solid polymer electrolytic cells. As the solid polymer elec- 
trolyte is relatively higher in vicosrty, problems in impregnation of the electrolyte will occur in use of only lithium manga- 
nese oxide. In this respect the present invention is useful to make the positive electrode of the polymer electrolytic cell 
as thinner as possible. 

55 [0070] In application of the present invention, it is preferable that polymer selected from the group consisting of solid 
polymer of polycarbonate, solid polymer of polyacrylonrtrile, copolymer or bridged polymer comprised of more than two 
kinds of th solid polymers and f luorin solid polymer such as poiyvinylidene dif luoride (PVDF) mixed with lithium salt 
and lectrolyte and formed in gel to prepare a solid polymer electrolyte. 



11 



EP 1 022 792 A1 



[0071] For example, a solid polymer electr lytic cell accorcfing to the present invention was manufactured as 
described hereinafter. A porous polyethylene substrat was disposed betwe n positive and negative electrodes and 
contained in a cell casing. On the other hand, a mixed solvent of polyethylene grycd (1000 in molecular weight) and 
ethyl ne carbonate or diethyl carbonate was prepared, and solution of 1 mol/1 lithium hexaf luorophosphate (LiPF 6 ) was 

5 mixed with th mixed solvent at a volume rati of 1 : 10. After added with t-hexyl peroxypivalate of 5000 ppm, 3 ml of 
the mixed solution was filled in the cell casing and heated at 60 ?C for three hours to produce a solid polymer electr lytic 
cell. In this case, the positive electrode c) of Example 3 was used to manufacture the solid polymer electrolytic cell as 
a sample cell K, and the positive electrode e) of Comparative Example 1 was used to manufacture the solid polymer 
electrolytic cell as a sample cell L 

10 [0072] The sample cells K and L were charged in the same manner described above until the cell voltage becomes 
4.2 V Thereafter, the cells K and L were stored at 60 ?C for twenty days to measure the cell voltage and a generation 
amount of gaseous products and to calculate a retention rate of capacity and a recovery rate of capacity as shown in 
the following table 7. 
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Table 7 



Cell 


Voltage drop (V) 


Generation amount (ml) 


Retention rate of 
capacity 


Recovery rate of 
capacity 


K 


0.13 


1.6 


63 


79 


L 


0.15 


4.8 


59 


73 



[0073] The sample cells K and L were discharged in the same manner described above until the cell voltage 
25 becomes 3.0 V and stored at 60 ?C for twenty days to measure the cell voltage and a generation amount of gaseous 
products as shown in the following table 8. 



Table 8 



Cell 


Voltage drop (V) 


Generation amount of 






gas (ml) 


K 


0.53 


1.7 


L 


3.22 


5.3 



[0074] As is understood from the tables 7 and 8, it has been found that an additive effect of lithium cobalt oxide 
appears in the solid polymer electrolytic cells as in the lithium-ion cells. 

[0075] From the above detail description, it will be understood that in the non-aqueous electrolyte cells according 
40 to the present invention, serf-discharge of lithium manganese oxide used as a main active material is restrained by addi- 
tion of an appropriate amount of lithium cobalt oxide or lithium nickel oxide to enhance high temperature storage per- 
formance of the cell. 

Claims 

45 

1 . A positive electrode for a non-aqueous electrolyte cell containing spinel-type lithium manganese oxide as a main 
active material, wherein the positive electrode is comprised of a mixture of spinel-type lithium manganese oxide 
represented by a formula Lj 1+x Mn2.Y04 (provided that the atomic ratio of lithium and manganese is determined to 
be 0.56 =i Li/Mn [ = (1 + X)/(2 — Y)] =i 0.62 , X is determined to be — 0.2 ^ X ^ 0.2, and Y is determined to be Y 

so ^ 1 .0) and at feast either one of lithium cobalt oxide represented by a formula Li 1+z Co0 2 (provided that Z is deter- 
mined to be -0.5 ^ Z ^ 0.5) or lithium nickel oxide represented by a formula Li 1+z Ni0 2 (provided that Z is deter- 
mined to be -0.5 ^ Z ^ 0.5), and wherein in the case that the weight of spinel-type manganese oxide is defined as 
A and that the weight of the lithium cobalt oxide or lithium nickel oxide is defined as B, the amount of lithium cobalt 
oxide or lithium nickel oxide is determined to be 0.05 ^ B/(A + B) < 0.2 . 

55 

2. A posrtiv electrode for a n n-aqueous electrolyt cell as claimed in Claim 1 , wher in a porti n of th spine! -type 
lithium manganese oxid and th lithium cobalt oxide or lithium nickel oxide is substituted for other metal selected 
from the group consisting of magnesium, aluminum, calcium, vanadium, titanium, chromium, manganes , iron, 
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cobalt nickel, copper, zinc.strontium, zirconium, niobium, molybd num and tin. 

3. A positive electrode lor a n rvaqueous electrolyte cell as claimed in Claim 2, wherein in the case that a portion of 
the spinel-type lithium manganese oxide is substituted for said other metal, the atomic ratio C of lithium and a sum 

5 of manganese and said other metal is determined to be 0.56 ^ C ^ 0.62 (provided that X is determined to be -0.2 
=iX=i0.2 andthatYis determined to be Y * 1 .0. 

4. A manufacturing method of a positive electrode for a non-aqueous electrolyte call containing spinel-type lithium 
manganese oxide as a main active material, comprising the steps of: 

10 

preparing powder of spinel-type lithium manganese oxide represented by a formula t-h+xMr^-yC^ (provided 
that the atomic ratio of lithium and manganese is determined to be 0.56 ^ Li/Mn [=(1 + X)/(2 — Y)] ^ 0.62 , X 
is determined to be -0.2 ^ X ^ 0.2, and Y is determined to be Y ^ 1.0) and powder of at least either one of 
lithium cobaft oxide represented by a formula Li uz Co0 2 (provided that Z is determined to be -0.5 ^ Z ^ 0.5) 
15 or lithium nickel oxide represented by a formula Li 1+z Ni0 2 (provided that Z is determined to be -0.5 ^ Z s 0.5); 

and 

mixing the powder of the spinel-type lithium manganese oxide with the powder of at least either one of the lith- 
ium cobalt oxide or lithium nickel oxide under compression, impact and shearing actions. 

20 5. The manufacturing method of a positive electrode as claimed in Claim 4, wherein the powder of the spinel-type lith- 
ium manganese oxide and the powder of at least either one of the lithium cobalt oxide or lithium nickel oxide are 
crushed and mixed with each other. 

6. The manufacturing method of a positive electrode as claimed in Claim 4, wherein a portion of the spinel-type lithium 
25 manganese oxide and the lithium cobalt oxide or lithium nickel oxide is substituted for other metal selected from the 

group consisting of magnesium, aluminum, calcium, vanadium, titanium, chromium, manganese, iron, cobaft, 
nickel, copper, zinc, strontium, zirconium, niobium, molybdenum and tin. 

7. The manufacturing method of a positive electrode as claimed in Claim 6, wherein in the case that a portion of the 
30 spinel-type lithium manganese oxide is substituted for said other metal, the atomic ratio C of lithium and a sum of 

manganese and said other metal is determined to be 0.56 ^ C ^ 0.62 (provided that X is determined to be —0.2 
sXi0.2 and that Y is determined to be Y * 1 .0). 

8. A non-aqueous electrolyte cell having a negative electrode capable of intercalating and deintercalating lithium-ion, 
35 a positive electrode containing spinel-type lithium manganese oxide as a main active material and an amount of 

non-aqueous electrolyte, wherein the positive electrode is comprised of a mixture of spinel-type lithium manganese 
oxide represented by a formula Li 1+ xMn2.y0 4 (provided that the atomic ratio of lithium and manganese is deter- 
mined to be 0.56 < Li/Mn [=(1 + X)/(2 — Y)] - 0.62 , X is determined to be -0.2 * X * 0.2, and Y is determined to 
be Y < 1.0) and at least either one of lithium cobalt oxide represented by a formula Li 1+z Co0 2 (provided that Z is 
40 determined to be -0.5 ^ Z ^ 0.5) or lithium nickel oxide represented by a formula Li 1 + zNi02 (provided that Z is deter- 
mined to be -0.5 ^ Z 0.5) and wherein in the case that the weight of the spinel-type manganese oxide is defined 
as A and that the weight of the lithium cobalt oxide or lithium nickel oxide is defined as B, the amount of lithium 
cobalt oxide or lithium nickel oxide is determined to be 0.05 = B/(A + B) < 0.2 . 

45 9. A non-aqueous electrolye cell as claimed in Claim 8, wherein a portion of the spinel-type lithium manganese oxde 
and the lithium cobalt oxide or lithium nickel oxide is substituted for other metal selected from the group consisting 
of magnesium, aluminum, calcium, vanacfium, titanium, chromium, manganese, iron, cobaft nickel, copper, zinc, 
strontium, zirconium, niobium, molybdenum and tin. 

so 10. A non-aqueous electrolyte cell as claimed in Claim 9, wherein in the case that a portion of the spinel-type lithium 
manganese oxide is substituted for said other metal, the atomic ratio C of lithium and a sum of manganese and said 
other metal is determined to be 0.56 ^ C =§ 0.62 (provided that X is determined to — 0.2 ^ X s 0.2 and that Y is 
determined to be Y ^ 1 .0). 

55 1 1 . A non-aqueous electrolyte cell as claimed in Claim 8, wherein the non-aqueous electrolyte is selected from either 
organic electrolyte solution or solid polymer electrolyte. 

12. A non-aqueous electr tyt cell as claimed in Claim 11, wherein the solid polymer lectrolyt is in the form of mixed 
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gel of lithium salt, electrolyt , and polymer selected from th group consisting of solid polymer of polycarbonat , 
solid polym r of polyacrylonitrile, copolymer or bridged polymer comprised of mor than two kinds of the solid pol- 
ymers and fluorine solid polymer such as polyvinyiidene d'rfluoride (PVDF). 

5 13. A manufacturing method of a non-aqueous electrolyte cell having a negative electrode capabl of intercalating and 
deintercalting lithium ion, a positive electrode containing spinel-type lithium manganese oxide as a main activ 
material and an amount of non-aqueous electrolyte, comprising the steps of: 

preparing powder of spinel-type lithium manganese oxide represented by a formula Li 1+x Mn 2 . Y 0 4 (provided 
w that the atomic ratio of lithium and manganese is determined to be 0.56 ^ Li/Mn [=(1 + X)/(2 — Y)] ^ 0.62 , X 

is determined to be — 0.2 ^ X ^ 0.2, and Y is determined to be Y ^ 1.0) and powder of at least either one of 
lithium cobalt oxide represented by a formula U 1+z Co02 (provided that Z is determined to be -0.5 ^ Z ^ 0.5) 
or lithium nickel oxide represented by a formula Li 1+z NiC>2 (provided that Z is determined to be — 0.5 ^ Z ^ 
0,5); and 

is mixing the powder of the spinel-type lithium manganese oxide with the powder of at least either one of the lith- 

ium cobalt oxide or lithium nickel oxide under compression, impact and shearing actions. 

14. The manufacturing method of a non-aqueous electrolyte cell as claimed in Claim 13, wherein the powders of the 
spinel-type lithium manganese oxide and at least either one of the lithium cobalt oxide or lithium nickel oxide are 

20 crushed and mixed with each other. 

15. The manufacturing method of a non-aqueous electrolyte cell as claimed in Claim 13, wherein a portion of the spi- 
nel-type lithium manganese oxide and the lithium cobalt oxide or lithium nickel oxide is substituted for other metal 
selected from the group consisting of magnesium, aluminum, calcium, vanadium, titanium, chromium, manganese, 

25 iron, cobalt nickel, copper, zinc, strontium, zirconium, niobium, molybdenum and tin. 

1 6. The manufacturing method of a non-aqueous electrolyte cell as claimed in Claim 15, wherein in the case that a por- 
tion of the spinel-type lithium manganese oxide is substituted for said other metal, the atomic ratio C of lithium and 
a sum of manganese oxide and said other metal is determined to be 0.56 ^ C ^ 0.62 (provided that X is determined 

30 to be —0.2 * X ^ 0.2 and that Y is determined to be Y ^ 1 .0). 

17. The manufacturing method of a non-aqueous electrolyte cell as claimed in Claim 13, wherein the non-aqueous 
electrolyte is selected from either organic electrolyte solution or solid polymer electrolyte. 

35 18. The manufacturing method of a non-aqueous electrolyte cell as claimed in Claim 17, wherein the solid polymer 
electrolyte is in the form of mixed gel of lithium salt electrolyte, and polymer selected from the group consisting of 
solid polymer of polycarbonate, solid polymer of polyacrylonitrile, copolymer or bridged polymer comprised of more 
than two kinds of the solid polymers and fluorine solid polymer such as polyvinyiidene dH luoride (PVDF). 

40 



45 
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